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On the difl~r~.l~t Theories of  Arches, Faults, &c, 887 

seconds in the obliquity. N~,t~vi~hstanding, should any 
gentleman require the above two parts of the Nautical A1 - 
mana% for the use of his own observatory ; whether for 
the correction of the tables, or the eonvet~ience of setting 
his instruments; 1 should recommend him to avoid the 
labour of calculating the same from the solar tables ; where- 
by he might fall into a greater error, unless he should em- 
ploy several computers. In that ease, he might safely de- 
pend on the stm's loneitude odven in the Nautical Ahnanac, 
and, allowing for hi,~ (~fference of meridian from Greenwich, 
with the apparent obliq~fity of the ecliptic so corrected, find 
the .true right ascension and declination of the snn. In- 
deed, were he to profess to have made the original calcula- 
tions, and these were to agree relatively with those of the 
Nautical Ahnanac, he would be suspected of having used 
the salue plagiarisn) which is ascribed to the French and 
American astronomers in their publications. 

With respect to the CoTmoissance des Terns, the compilers 
acknowledge that they have depended on the calculations 
published in the Nautical Almanac ; having on former oc- 
casmns lbund them correct. From the superior industry 
of the French mathematicians, the Solar and Lunar Tables 
have been constructed; a!thov~h the theories thereof have 
been principally confirmed by the immerous and accurate 
observations of the sun and moon, which have been made 
at Greenwich, during a long series of years, with the greatest 
skill, and the best instruments that have been hitherto pro- 
duced. 

I am, sir, your obedient servant, 
Blackheath, Nov. lo ~, 1811. S. GROOMDRIDGE. 

LXX. Some Account of  the different Theories of  Arches 
or Faults, and of Domes, and of  the Authors who have 
written on this most delicate and important Mpplication 
of'Mathematical Science. By a CORRESPONDENT. 

F R o M  the general history of the progress of the inquirle~ 
into the theories of the equilibration.of vaults, it~wil] be 
seen, how important the subject has been considered' by those 
who have not been architects, but have attained the highest 
eminence in mathematical and mechanical science. In 
reading this history of contrarious results, and in surveying 
and turning in the mind the vaults now subsisting, the 
productions of architects unacquainted with the present 
ttuaories~ much caution is necessary~ lest the conclusion 
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388 On the different Theories of .4rches, Vaults, e.Ce. 

be drawn, that the question is merely curious, and the in- 
vesti~ation of it useless except as a mathematical exercise. 
The brief account which is here given of the different theo- 
ries will be found sufficient, b'~, extending the applieation, 
to exercise the malhematieiau'in his school attainment% 
and to enable the architect to c¢~mpare his knowledge, aris- 
ing from practice, with that derived from theory, and 
eventually to obtain that which may be permanently useful 
in his art. 

By way of prefaee, it will be proper to look at an arch 
in the state it appears in a wall or bridge, freed from many 
hypothetical properties which have been ascribed to it. 

An areh is composed of stones called vau~'soirs, in fhe 
shape of truncated wedges, which resist each other, through 
tl~eir inclined sides, by means of that weight whereby they 
would otherwise fall, and are suspended in the air w'ithout 
any support from below, where a eoneavity is tbrmed. The 
vaussoirs are subject to forces which arise from their own 
weight, from external pressure, from friction, and the co- 
hesion of matter. All these forces compose a system 
which ought to be in equilibration ; and moreover, that 
state of eqqilibration ought to have a consistence firm and 
durable. 

The respective actions of the vaussoirs must be very dif- 
ferent, aeeording to their position in the vault : the vaussoir 
of  the middle of the areh, which is vertical, and is called 
thekey-stone,  is sustained on each side by two vaussoirs 
precisely as by two inclined planes, and consequently the 
effort which it makes to fall is not equal to its weight~ be- 
!ng st) much less as the planes are more inclined by which 
It ts sustained : if the planes were perpendicular to the ho- 
rizon, as well as the sides of the key-stone, it would fall by 
its whole weigrht. ]'he. seeond vaussoir, on the right and 
left of the key-stone, Is sustained by a third, which by vir- 
tue of the figure of an arch is more i.nelined in respect to 
the seeond than the second is to the first. By a parity of 
reasoning, all the vaussoirs, reekoning from the key of" the 
vault, exert a decreasing portion of their whole weight, until 
the last, which lying horizontally does not exert any, c~r, 
which is the same thing, does not make any effort to fall, 
being wholly sustained by the base on which it rests. 

If it be desired that all the vaussoirs should be in equili- 
bration, it is m:'.nifes1~ that as each vaussoir, in proceeding 
from the key-stone, exerts only a part of its weight, the first 
t'~r example exercising," a halt', the second a third, and the 
third a fourth, &c. ~t follows, to equalize their difl'erent 
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On the diff'erent Theories of ~lrches, Faults, &c. 389 

act ions ,  that  each mus t  be a u g me n t ed  accord ing  to its po- 
s i t ion ; the second must  be made more  heavy than  the first, 
the  third than  the second,  and so on unt i l  the last ,  which  
mus t  be inf ini te ly  heavy,  because it  does no t  m a k e  any  effort 
to h l l .  

To  render  This subject  practically m o r e  inte l l igible ,  we 
have on ly  to consider ,  that every vaussoir except the last ,  in  
le t t ing  ant~ther vatlssoir fall, mus t  i tself rise, and that it re-  
sists this elevation to the ex ten t  of  tile weight  which  it i t-  
self  exerts to fall ; and that  on ly  the last vaussoir  on each 
side can let ano ther  fall, w i thou t  i tself  r is ing,  as it has on ly  
to slide a long its hor izon ta l  b e d :  as a finite weigbt  has n o t  
any  p:~wer of  resis tance to a hor izonta l  m o t i o n ,  every tl~ing 
be ;ng  considered lubr icous  ; we mus t  conceive the last ~raus- 
soir to be inf ini te ly  heavy,  to made  any  lateral resistance.  

.An arch ,t may  s tand imm~dia le ly  on  the earth,  which  is 
its base, or be susta ined by a wall or a b u t m e n t  p ie r :  in  
bo th  eases the j o i n t  effort of  the parts is c o m m u n i c a t e d  to 
the  base, which  is its founda t ion ,  as if  it were one  and  the 
same body con t inued .  

Curves  used in  arches are of  three characters :  1st, Ares  
of  circles,  where in  the he ight  m u s t  always be equal,  or less 
t h a n  half  the w i d t h ;  in the first case the t angen t  at the 
sp r ing ing  will be vertical.  T h e  curtate  cycloid is appl ica-  
ble in  all the cond i t ions  of  the circle,  and the t angen t  at 
the  sp r ing ing  may be vert ical .  2d, T h e  arcs of  ellipses, 
whose  widths  ma y  bear any  propor t ion  to their  heights ,  
and  the t angen t  at the s p r i n g i n g  may be vertical .  3d,  T h e  
eatenar ia ,  the parabola ,  the  hyperbola ,  &c. whose  spans  
m a y  bear any  propor t ions  to their  heights ,  bu t  whose t a n -  
gen t  at the sp r ing ing  c a n n o t  be vert ical .  

T h e  natural  consequence  from these data seems to be,  
that  when  the given he ight  o f  an  arch exceeds half" the width~ 

*~ The arch has been considered as a curve, infinitely thin, uniform 
throughout, and composed of au infinite number of joints ; and the inquiry 
has been to determine the weight which may be placed upon each joint, in 
a direction perpendicular to the horizon, so that it may retain its position. 
hx this way of considering the subject, the pleasing analogy between the 
chain and the arch, as applied in a popnk~r experiment, together with th¢ 
happy adaptation of the modern analysis to determine formul:* for nniver~l 
practice, have, in the elegant d;splay of the means, blinded the inquirers as 
to the end,and as to the ab,olute properties o~" the arch itself. It even has 
appeared to men of other habits, that if such an hypothesis were appllca- 
ble, it must be subsequent to the determination of the arch, or the curve of 
infinite joints, which must at all events be determitaed on the principle of 
the wedge, or a collection of bodies hutting on each other ; the lower being 
an inclined platte to the superior ; and then the weight, however supposed to 
bear on the arch, must be detcrmi,aed in rclatiol~ to this previous investi- 
gation. 
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390 On the different Theories of.Arches, Vaults, &e. 

the circle is inapplicable; and that some other curve should 
be adopted; hut the simplicity in the construction and 
ancient practlee have decided otherwise, and the semicircu- 
lar arch has been generaUy sustained on vertical piers, where 
an arch of greater altitude might have been adopted. 

By the theory elicited from an examination of the arch, 
it would tbllow, that if the vaussoir at the springing, lying 
on a horizontal bed, must be infinite, in like manner the 
pier on which it is sustained must be infinite also ; because 
it can be considered only as another vaussoir, or an additional 
succession of vaussoirs : we may conceive the second vaus- 
soir of an arch to be an abutment to the first, as the third is 
to the second; the hance [query. haunch] is as much art 
abutment to the crown as the p~er is to it. The abutment 
or arch cannot be said to begin any~here ; it appears there- 
fore necessary, that the same theory should have eo~nisance 
over the whole, and that whatever theory may be al~p]ieable 
to the one, must also apply to the other: this mode of 
considering, the. snb'ect,,j ag.ain confirms the propriety of 
adopting practically, what has appeared a natural conse- 
quence from the eonsideratinn of the properties of curves 
used in areuation. It is manifest, that an arch may assume 
externally any appearance, and exhibit on its face a semi. 
circular arch and abutment piers, and yet have internally 
the properties and proportions of another curve, which may 
be enclosed in that tbrm. Admitting this, the theory of 
abutment piers does not in any wise differ from that of 
arches; for if an arch of equilibration be enclosed in an 
arch of the same thickness at the vertex, and'its abutment- 
pier, it necessarily follows that they must stand; if the 
additional filling up, to produce the desired effect, does not 
alter that equilibration : indeed, the angle at which friction 
retains stone on art inclined plane would determine that 
in all commen cases; an~.t though the dirceticm of the joints 
of the vaussoirs must he assumed, in the investigation, at 
right angles to the intrados of the enclosed arch, yet they 
l~eed not be so in practice, but have that relation to the vi- 
sible arch. 

This principl~' of interpreting an arch standing on a 
pier, into an arch of greater altitude, whatever theory of 
equilibration of arches may be adopted, seems to offer a 
mean of ascertai~liug the correctness of any different theory 
that may be adopted tbr the piers, when considered sepa- 
rate hodies, the enclosed arch being of the same curvature 
at the vertex, ond nearest approaching to the given arch 
and pier, On the contrary, the theory of abutment piers 
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Notices respecting New Books. ~91 

has been considered by some in a point of view dlstinet 
from that of arches, and indicated by the suppositions, that 
ttte arch is most apt to split in the middle between the im- 
post and the key-stone; that the superior vaussoirs above 
this point of fracture are bound together, forming one 
vaussoir or one ~,edge ; and tl:at the lower vaussoirs are so 
attached to the abutment pier, that they also form one stone~ 
liable to revolve on the external lower angle of the pier, by" 
the action of the upper part of the arch, involving the joint 
action of a wedge or inclined plane, and lever. The same 
principles are ap~plieable, wherever the joint of splitting may 
be considered to be. 

['Fo be eontiuued,] 

LXXI.  Notices respecting New Books, 

Extract from a Paper entitled " The Result of  Eleve~ 
Years Practice at the Original Yaccine _Pock Institution, 
No. 44, Broad Street, Golden Square," &c. 8vo. pp. ,16. 
Printed by Reynell, 1811. Sold at the Institution. 

T H E  puhlie must feel much interested by this publication, 
containing the results of the practice of vaccination for a 
longer period distinctly than any other institution of a si- 
milar kind. Besides, the medical establishment being per- 
feetly independent of any pecuniary remunera, tion, but o1~ 
the contrary supporting the Institution chiefly at their own 
expense; they are not likely to be warped in their judge- 
ment, nor to be tempted to give unwarrantable or exagge- 
rated accounts to answer private views. It is well known 
too, that this Society has been the first to make tile public 
acquainted with the defects of vaccine inoculation, as well 
as with its advantages. 

After a brief but very condensed history of the new ino- 
culation, at~d a more particular account of" their Establish- 
ment, in which mention is made of their own attempts to 
investigate the laws of agency of vaccine matter, the au- 
thors relate the more remarkable results of their practice. 
They desire to be considered as merely giving evidence, and 
disti~nctly disclaim any interference with the opinions or 
facts asserted by others. For many of these particulars, 
we refer to the pamphlet itself; but certainly they feel re- 
sponsible for the facts asserted, however great may be their 
discrepancy from those of other Reports. W e  shall notice 
a few of these facts. 

Matter taken earty~ i.e. before the 9th day~ is more effi- 
B b 4 cacious 
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